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ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a hydrogen storage alloy having low oxygen concn. from a 
vanadium base alloy having high oxygen concn. in a low cost by heating and melting the vanadium base alloy 
raw material together with at least one kind of deoxidizer. 

SOLUTION: The vanadium base alloy raw material (about 2000-20000 ppm oxygen content) in low cost 
obtaining a part or all thereof with a thermit reduction process is heated and melted together with at least one 
kind of the deoxidizer. As the deoxidizer, it is desirable to use Ca-Ni base alloy (CaNi5, or the like), Mg-Ni 
base alloy (Mg2Ni, or the like), La (or Ce)-Ni base alloy (LaNi, CeNi or the like). Further, the additional quntity 
of the deoxidizer is made to about 1-3 times of the reduction equivalent of oxygen contained in the vanadium 
base alloy raw material, and the melting is executed under inert gas atmosphere or vacuum condition by 
using an arc melting furnace. By this method, in the melting process, the oxygen contained in the vanadium 
base alloy raw material is reacted with the deoxidizer and discharged to out of the alloy system as the oxide. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture method of the hydrogen storing metal alloy which is the manufacture method of the 
hydrogen storing metal alloy which consists of a vanadium machine alloy, and is characterized by carrying out 
the heating dissolution of the vanadium system alloy raw material with at least one sort of a deoxidizer. 
[Claim 2] The manufacture method according to claim 1 that the oxygen content of a vanadium system alloy 
raw material is 2000-20000 ppm. 

[Claim 3] The manufacture method according to claim 1 from which some or all of a vanadium system alloy 
raw material is obtained by a thermite reduction method. 

[Claim 4] The manufacture method according to claim 1 which is what a deoxidizer reacts selectively with the 
oxygen contained in a vanadium system alloy raw material, and is discharged out of an alloy system as an 
oxide. 

[Claim 5] The manufacture method of Ca, Mg, rare earth elements, and these alloys according to claim 4 that 
the number of deoxidizers is one at least. 

[Claim 6] The manufacture method of Ca, Mg, and rare earth elements according to claim 5 that a deoxidizer is 
the alloy of one sort and nickel at least. 

[Claim 7] The manufacture method according to claim 6 that a deoxidizer is at least one sort of a Ca-nickel 
system alloy. 

[Claim 8] The manufacture method according to claim 6 that a deoxidizer is at least one sort of a Mg-nickel 
system alloy. 

[Claim 9] The manufacture method according to claim 6 that a deoxidizer is at least one sort of a rare-earth- 
elements-nickel system alloy. 

[Claim 10] The hydrogen storing metal alloy which is a vanadium machine alloy obtained by the method 
according to claim 1 to 9, and is characterized by a part of added deoxidizer [ at least ] dissolving in the alloy 
concerned. 

[Claim 11] The hydrogen storing metal alloy according to claim 10 whose amount of dissolution of a deoxidizer 
is 0.5-2at.%. 

[Claim 12] The hydrogen storing metal alloy according to claim 10 or 1 1 characterized by for the second phase 
which uses a TiNi phase as a principal component forming a three-dimensions network frame, and existing in 
the host phase which is a vanadium machine alloy and consists of a V-Ti system solid solution alloy, and the 
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deoxidjzer dissolving to either [ at least ] a host phase or the second phase. 

[Claim 13] In the host phase which is a vanadium machine alloy and consists of a V-Ti system solid solution 
alloy, the second phase which makes the main phase the Ti-nickel-V system AB2 type Laves phase forms a 
three-dimensions network frame, and exists. And the hydrogen storing metal alloy according to claim 10 or 1 1 
characterized by the deoxidizer dissolving to either [ at least ] a host phase or the second phase. 
[Claim 14] The hydride electrode using a hydrogen storing metal alloy according to claim 10 to 13. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture method of the hydrogen storing metal alloy 
which consists of a vanadium machine alloy. Furthermore, it is related with the hydride electrode using the 
hydrogen storing metal alloy obtained by the manufacture method, and its alloy. 
[0002] 

[Description of the Prior Art] As a hydrogen storing metal alloy in the former The alloy with which the second 
phase which makes the main phase the second phase or the **Ti-nickel-V system AB2 type Laves phase 
which uses **TiNi phase as a principal component as the second phase forms the three-dimensions network 
frame into the host phase which consists of a V-Ti system solid solution alloy is known (JP,H7-268513,A, 
JP,H7-268514,A). 

[0003] When using these alloys as negative electrode active material of an alkali secondary battery, the 
following effects are acquired by existence of the three-dimensions network frame which is the second phase. 
That is, since the second phase exists in the state of wrapping in a host phase, it can control the pulverization 
accompanying hydrogen absorption substantially. Moreover, the second phase serves as an overcoat to a host 
phase, and the dissolution of vanadium which is the principal component of a hydrogen storing metal alloy can 
be controlled or prevented. And improvement of endurance to a repetition of charge and discharge, neglect, 
etc. can be aimed at by these. 

[0004] Furthermore, since the second phase functions as a reaction catalyst or an electronic conductor 
(collector) which a hydrogen storing metal alloy exchanges at hydrogenation and the dehydrogenation reaction 
of an alloy, it can increase the rate of reaction at the time of discharge. 

[0005] And these hydrogen storing metal alloys are manufactured by carrying out the heating dissolution of 
these and carrying out cooling coagulation by the well-known dissolution methods, such as an arc melting 
method and induction heating, after usually carrying out the weighing capacity of the raw material metal so that 
it may become a predetermined presentation. 

[0006] by the way, in the hydrogen storing metal alloy which consists of a vanadium machine alloy when 
vanadium contains oxygen It is reported that a hydrogen storage capacity decreases remarkably (J. J.Rcilly 
and R.H.Wiswall Jr.; BNL-16546 (Brookhaven National Laboratory, Upton, N.Y., 1972)). For this reason, in a 
hydrogen storing metal alloy, it is necessary to stop as low as possible the amount of oxygen contained in a 
vanadium solid solution phase. 

[0007] The Thermit process (thermite reduction method) is conventionally used for manufacture of the 
inexpensive vanadium system alloy for steel addition widely. This mixes reducing material metals, such as an 
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aluminjum, with the powder of a banazin san ghost, heats a mixture in a fireproof crucible, advances a 

reduction reaction, and completes a reaction further using the self-heating of a reaction. As a reducing material 

metal, the aluminium is used well, for example and the reduction reaction in that case is as follows. 

[0008] 3 both are separated by depositing on a bottom the metallic vanadium (only henceforth "vanadium") 

which surfaced in the upper part of the fireproof crucible since the oxide of these reducing material metals had 

small specific gravity after a V2O5+10aluminum->6V+5 AI203 reduction reaction, and it was returned and was 

generated. 

[0009] 

[Problem to be solved by the invention] [ however, the vanadium obtained by this method ] The oxide which it 
is not fully returned in many cases since reaction time is short, and was generated by the reduction reaction 
will remain easily also in vanadium, and, generally high-concentration oxygen of 10000-20000 ppm will usually 
exist in vanadium as the result. The hydrogen storing metal alloy obtained by carrying out the heating 
dissolution with other elements also contains oxygen of this level using this vanadium. And since the oxygen to 
contain occupies the hydrogen occupancy site in a hydrogen storing metal alloy, a big hydrogen storage 
capacity cannot be expected and function sufficient as a hydrogen storing metal alloy cannot be exhibited. 
[0010] Therefore, especially this invention primarily aims to manufacture the hydrogen storing metal alloy 
which can demonstrate the outstanding electrode characteristic using the vanadium of high oxygen 
concentration obtained by low cost, or its alloy. 
[0011] 

[Means for solving problem] As a result of repeating investigation wholeheartedly in view of the problem of the 
above-mentioned conventional technique, this invention person finds out that the above-mentioned object can 
be attained, when manufacturing a hydrogen storing metal alloy by the specific manufacture method, and 
came to complete this invention at last. 

[0012] That is, this invention is the manufacture method of the hydrogen storing metal alloy which consists of a 
vanadium machine alloy, and relates to the manufacture method of the hydrogen storing metal alloy 
characterized by carrying out the heating dissolution of the vanadium system alloy with at least one sort of a 
deoxidizer. 

[0013] Moreover, this invention is the vanadium machine alloy obtained by the above-mentioned manufacture 
method. In the host phase which consists of a **V-Ti system solid solution alloy especially, the second phase 
which uses a TiNi phase as a principal component forms a three-dimensions network frame, and exists. And 
the hydrogen storing metal alloy characterized by the deoxidizer dissolving to either [ at least ] a host phase or 
the second phase, Or the hydrogen storing metal alloy characterized by for the second phase which makes the 
main phase the Ti-nickel-V system AB2 type Laves phase forming a three-dimensions network frame, and 
existing in the host phase which consists of a **V-Ti system solid solution alloy, and the deoxidizer dissolving 
to either [ at least ] a host phase or the second phase is started. 

[0014] Furthermore, this invention relates also to the hydride electrode using the hydrogen storing metal alloy 

obtained by the above-mentioned manufacture method. 

[0015] 

[Mode for carrying out the invention] As a vanadium system alloy raw material used by this invention, 
especially as long as vanadium is included, it is not restricted. For example, the mixture of vanadium or a 
vanadium alloy, an other metals, an alloy, etc., etc. can be used. Moreover, the vanadium alloy of the 
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presentation as a desired hydrogen storing metal alloy with the same presentation of a metal component can 
also be used as this invention vanadium system alloy raw material as it is, for example. 
[0016] As a mixture of vanadium or a vanadium alloy, an other metals, an alloy, etc., etc. What mixed metals, 
such as a titanium raw material, a nickel raw material, a tantalum raw material, a cobalt material, a hafnium 
raw material, and a zirconium raw material, an alloy, etc. to vanadium or a vanadium alloy according to desired 
alloy composition, an alloy organization, etc. can be used. 

[0017] As a vanadium alloy, vanadium machine alloys, such as ferrovanadium and nickel vanadium, etc. are 
mentioned, for example. In addition, alloys containing vanadium, such as two element systems, three element 
systems, and plural systems, can also be used as they are. In addition, the "alloy" as used in the field of this 
invention is the concept containing not only an alloy but an intermetallic compound (also following the same). 
[0018] By this invention, an oxygen content (henceforth "oxygen concentration") can also use effectively in 
particular the vanadium system alloy raw material of high oxygen concentration which is 2000 ppm or more. 
That is, although about 2000-20000 ppm oxygen usually contains in the vanadium system alloy raw material, 
the hydrogen storing metal alloy which was excellent in this invention also from such a vanadium system alloy 
raw material of high oxygen concentration can be manufactured. Since the vanadium system alloy raw material 
of high oxygen concentration can generally be obtained inexpensive and it is moreover easy to grind it, it is 
advantageous especially in respect of the handling at the time of carrying out weighing capacity being easy, 
and occurring etc. On the other hand, in this invention, if a vanadium system alloy raw material with low 
oxygen concentration is used, the hydrogen storing metal alloy which demonstrates the characteristics which 
were so much excellent will be obtained. In addition, the ppm unit in this invention shows "mass ppm" (also 
following the same). 

[0019] By the manufacture method of this invention, the portion or the vanadium oxide which made all and was 
refined, for example of a vanadium system alloy raw material can be used as a starting material, and the 
vanadium obtained from this raw material by the thermite reduction method by metallic aluminum or its alloy 
can be used conveniently. Generally, since vanadium by a thermite reduction method or its alloy is contained 
after oxygen has dissolved, or it is contained as a compound like V1603, it is easy to crush, and it is cheap 
and advantageous in respect of cost. Moreover, in a thermite reduction method, it is also possible to use the 
vanadium returned in inert gas or a vacuum using magnesium or calcium as a reducing material metal or its 
alloy. 

[0020] Moreover, you may contain the oxygen contained in a vanadium system alloy raw material with what 
kind of form. For example, as mentioned above, you may dissolve and exist in vanadium or may exist as an 
oxide (for example, V1603 grade). 

[0021] As a deoxidizer in this invention, it reacts with a part of oxygen [ at least ] contained in a vanadium 
system alloy raw material, and it is not restricted as long as abatement of the oxygen content can be aimed at. 
What reacts selectively with the oxygen especially contained in a vanadium system alloy raw material, and can 
be discharged out of an alloy system as an oxide is desirable. What is necessary is just the deoxidizer that it 
specifically reacts selectively with the oxygen contained in a raw material, an oxide is generated, and this oxide 
is substantially discharged outside the organization of a hydrogen storing metal alloy. 

[0022] In this invention, there are also few Ca, Mg, rare earth elements, and these alloys, one sort is desirable, 
and the alloy of Ca, Mg, and rare earth elements which consists of one sort and nickel at least is especially 
more desirable. 
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[0023] As such an alloy, for example A Ca-nickel system alloy (CaNi5, CaNi2 grade), a Ca-aluminum system 
alloy (CaAI2 grade) and a Mg-nickel system alloy (Mg - 2 nickel) Rare earth elements, such as MgNi2 grade, 
a Mg-aluminum system alloy (Mg2aluminum3 grade), La, and Ce, or the alloy of the mixture (Mm: misch metal) 
and nickel ([ LaNi and ]) CeNi2, MmNi5 grades, these mixtures, or solid solutions (Ca-Mg-La-nickel system 
alloy etc.) are mentioned. It is desirable at the point of comparing when simple substances, such as Ca, Mg, 
La, and Ce, are used especially for a Ca-nickel system alloy, a Mg-nickel system alloy, a La(or Ce)-nickel 
system alloy, etc. also in these deoxidizers, and being easy to control the reaction under dissolution. 
[0024] about 1 to 3 times of the reducing equivalent of the oxygen usually contained in a vanadium system 
alloy raw material although the addition of a deoxidizer can be suitably set up according to the class of 
deoxidizer to be used etc. - desirable - 1 .2 - double precision - then, it is good. 

[0025] Subsequently, weighing capacity is carried out so that it may become the presentation of a request of 
these alloy raw material, and after carrying out the heating dissolution (it is also only called "the dissolution") 
and alloying these alloy raw material, it remelts by supplying a deoxidizer. 

[0026] Especially if the method of dissolving is under inert gas (argon, helium, etc.) atmosphere or a vacuum, it 
will not be restricted, but it should just carry out the heating dissolution according to a well-known method. As 
for especially the dissolution, it is desirable to carry out agitating in order to abolish the temperature gradient of 
a molten metal. In such a point, well-known dissolution equipment, such as an arc melting furnace and a high- 
frequency-induction-heating fusion furnace, can be used conveniently. In addition, when dissolving at an arc 
melting furnace, in order to prevent volatilization of the deoxidizer in early stages of the dissolution, it is 
desirable to make it not expose a deoxidizer to a direct arc in the phase in early stages of the dissolution. 
When using a high-frequency-induction-heating fusion furnace, it is desirable to a molten metal powdered or to 
blend a deoxidizer as the shape of granulation (mean particle diameter of 100 micrometers - about 10mm). 
[0027] Moreover, in the dissolution, once cooling a molten metal, for example, while attaining homogenization 
of the organization of the casting alloy obtained by repeating several times in the process of reversing an alloy 
lump and dissolving again, blowdown of an oxide etc. can be promoted out of an alloy organization. 
[0028] At a dissolution process, each element changes to the liquid phase, and the oxygen contained in the 
vanadium system alloy raw material (especially vanadium) reacts with a deoxidizer, and is discharged out of 
an alloy system as an oxide. Moreover, an unreacted deoxidizer usually has few amounts of dissolution to an 
alloy as [ below ] 5at.%, and what cannot dissolve forms a phase in the state where it generally dissociated 
with the alloy. 

[0029] The oxide which reacted with the deoxidizer and was generated in the alloy deposits, for example to a 
casting alloy lump's surface, a grain boundary (inside of the second phase), etc., or, specifically, remains as 
slag in a furnace. On the other hand, the deoxidizer which did not contribute to a reaction with oxygen will 
dissolve in an alloy, or the part beyond the dissolution range will form a phase in the state where it dissociated 
with the alloy. 

[0030] Thus, since a deoxidizer is discharged as an oxide in a dissolution process at the outside of an alloy 
organization, most oxides do not remain in the hydrogen storing metal alloy obtained. In particular, an oxide 
does not exist in the host phase in a hydrogen storing metal alloy, but is substantially constituted only from a 
vanadium solid solution. 

[0031] However, the deoxidizer, the oxide, etc. may remain in one part of the hydrogen storing metal alloys 
within limits which do not bar the effect of this invention (as long as the oxygen content of a host phase can be 
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reduced especially). For example, although a part of deoxidizer may remain in the state where it dissolved in 
the alloy (a host phase, a grain boundary, etc.), since it can contribute to the improvement in characteristics as 
a hydrogen storing metal alloy as long as the oxygen content in an alloy host phase can be reduced at least 
also in this case, it is included by this invention. 

[0032] In this invention, cooling is performed, after carrying out the heating dissolution. Especially the cooling 
method can be cooled by the slow cooling coagulation by not being restricted, for example, neglecting it in a 
furnace and in the air, the rapid solidification slushed into a water cooler, the super-rapid solidification dropped 
at the rotating copper roll, etc. In this case, the crystal grain diameter of a host phase, the deposit form of the 
second phase, etc. are controllable by controlling a cooling rate. 

[0033] Since-izing of the oxygen concentration can be effectively carried out [ **** ] by the activity of a 
deoxidizer by the manufacture method of this invention, it is possible to be able to apply to manufacture of the 
hydrogen storing metal alloy which consists of a vanadium machine alloy of two element systems or plural 
systems, and to also make the second various phase form according to desired performance (cell) etc. 
[0034] Therefore, in the manufacture method of this invention, the vanadium machine alloy with which a part of 
added deoxidizer [ at least ] dissolved can also be obtained. For example, the hydrogen storing metal alloy 
which consists of the following V-Ti system solid solution alloys can be manufactured. 
[0035] (1) the hydrogen storing metal alloy which the second phase which uses a TiNi phase as a principal 
component forms a three-dimensions network frame, and exists in a V-Ti system solid solution alloy in the host 
phase which consists of a V-Ti system solid solution alloy - for example, what is necessary is just to blend 
each raw material so that it may be set to alloy composition ValphaTiNibetaMgamma (however, M - at least 
one sort of Cr, Mn, Fe, Co, Cu, Nb, and Ta, 1<=alpha<=10, 0.2<=beta<=2, and 0.02<=gamma<=0.5) in this 
case, TiNideltaNepsilon (however, N - at least one sort of V, Cr, Mn, Fe, Co, Cu, Nb, and Ta, 0.5<=delta<=2, 
and 0.1<=epsilon<=1) is mainly formed as an alloy phase (the second phase) which uses a TiNi phase as a 
principal component. 

[0036] (2) case [ of the hydrogen storing metal alloy which the alloy phase which makes the main phase the Ti- 
nickel-V system AB2 type Laves phase forms a three-dimensions network frame, and exists in a V-Ti system 
solid solution alloy in the host phase which consists of a V-Ti system solid solution alloy ] ** - for example, 
what is necessary is just to blend so that it may be set to alloy composition ValphaTiNibetaAgammaMdelta 
(however, A - at least one sort of Zr, Hf, and Ta, and M - at least one sort of Cr, Mn, Fe, Co, Cu, and Nb, 
1<=alpha<=10, 0.2<=beta<=2, 0.05<=gamma<=1, and 0< delta<=2) AB2 type Laves phase as an alloy phase 
(the second phase) made into the main phase In this case, TiepsilonAzetanickeletaVthetaMiota however, A - 
at least one sort of Zr, Hf, and Ta, and M - Cr and Mn - At least one sort of Fe, Co, Cu, and Nb, 
0.1<=epsilon<=0.4, 0.1<=zeta<=0.4, 0.1<=eta<=0.6, 0.1<=theta<=0.5, 0< iota<=0.2, and 
epsilon+zeta+eta+theta+iota = 1 is mainly formed. 

[0037] ** for example, what is necessary is just to blend so that it may be set to alloy composition 
ValphaTiNibetaAgamma (however, A - at least one sort of Zr, Hf, and Ta, 1<=alpha<=10, 0.2<=beta<=2, and 
0.05<=gamma<=1) AB2 type Laves phase as an alloy phase (the second phase) made into the main phase In 
this case, TiepsilonAzetanickeletaVtheta (-- however, A - at least one sort of Zr, Hf, and Ta, and 
0.1<=epsilon<= - 0.4, 0.1<=zeta<=0.4, and 0.1<=eta<= - 0.6, 0.1<=theta<=0.5, and epsilon+zeta+eta+theta 
+=1) are mainly formed. 

[0038] A part of added deoxidizer is dissolving in the hydrogen storing metal alloy (vanadium machine alloy) 
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concerning this invention. In particular, with the above V-Ti system solid solution alloys, in either [ at least ] a 
host phase or the second phase, after the deoxidizer (the same thing as the above) has dissolved, it exists. In 
the manufacture method of this invention, although the deoxidizer added by the alloy raw material is usually 
discharged out of an alloy system as an oxide, a part of deoxidizer dissolves in an alloy, without being 
discharged. Although dissolution of a deoxidizer is based also on combination with the class of deoxidizer to 
be used, alloy composition, etc., it can contribute to the further improvement in hydrogen absorption 
characteristics. However, what is necessary is for below 1at.% just to usually make [ below 2at/ in an 
alloy /.% ] it desirable, since characteristics may be reduced on the contrary when there are too many amounts 
of dissolution. In addition, a lower limit should just usually be taken as a 0.5at.% grade. 
[0039] Especially the hydrogen storing metal alloy concerning this invention is useful as a hydride electrode 
(battery active material) of alkali secondary batteries, such as a nickel hydride cell. An electrode is producible 
by the same method as a well-known hydride electrode using the powder of this hydrogen storing metal alloy. 
For example, what is necessary is to mix after alloy powder with well-known conducting materials (nickel 
powder etc.) etc. if needed, and just to carry out integral moulding to the shape of a sheet by press forming etc. 
with collectors (nickel expanded metal etc.). 
[0040] 

[Effect of the Invention] According to the manufacture method of this invention, the following effects are 
acquired. 

[0041] (1) Since it can discharge outside the organization of an alloy by a deoxidizer by using a part of oxygen 
[ at least ] in vanadium as an oxide, abatement of the oxygen content in a vanadium system alloy can be 
aimed at. 

[0042] As a result, large buildup of the hydrogen storage capacity of the hydrogen storing metal alloy obtained 
by the manufacture method of this invention can be aimed at. Moreover, when the hydrogen storing metal alloy 
which has a good three-dimensions network frame can be manufactured and it uses this alloy as an electrode 
from the ability of the segregation of the oxide in a grain boundary to be controlled or prevented, the 
outstanding electrode characteristic can be acquired. The outstanding endurance which can be equal to a 
repetition of charge and discharge etc. enough especially can be demonstrated, and buildup of the service 
capacity of a cell can also be aimed at. 

[0043] (2) By the manufacture method of this invention, the vanadium system alloy raw material of high oxygen 
concentration can be used. That is, since the inexpensive vanadium obtained by thermite reduction or its alloy 
can also be used as it is, large low cost-ization can be attained. Moreover, from the ability of the vanadium 
system alloy raw material of high oxygen concentration to be used, on the contrary, grinding etc. becomes 
easy, can perform weighing capacity etc. comparatively easily, and is excellent in the handling nature etc. 
[0044] (3) Since an inexpensive vanadium system alloy raw material like the above (2) can be used, the 
manufacture method of this invention is dramatically advantageous in an efficiency side and a cost side, and 
suitable also for output on industrial magnitude. 
[0045] 

[Working example] Hereafter, an example is shown and the place by which it is characterized [ of this 
invention ] is clarified further. 

[0046] The vanadium machine alloy of example 1 alloy-composition V46Ti40nickel14 was produced using 
various kinds of deoxidizers. 
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[0047] As vanadium (V), the thing with an oxygen content of 6000 ppm obtained by the thermite reduction 
using the end of aluminium powder was used from the refined vanadium oxide powder. Five kinds, Ca, Mg, 
CaNi5, Mg2nickel, or La, were used for the deoxidizer, respectively. In addition, although CaNi5 and Mg2nickel 
were not the things of 100% of each alloy, average composition had agreed in this stoichiometric mixture ratio. 
[0048] The weighing capacity of each fragment of V, Ti, and nickel was carried out as an alloy raw material, 
respectively. However, when CaNi5 and Mg2nickel which contain nickel as a deoxidizer were used, weighing 
capacity was carried out so that V, Ti, and nickel which carried out weighing capacity as nickel component and 
the single metal in these alloys might be set and it might become predetermined alloy composition. 
[0049] Weighing capacity was performed as follows. Vanadium with an oxygen content of 6000 ppm is 
expressed as empirical formula V0.981O0.019. Therefore, the alloy composition using this vanadium serves as 
V46Ti 4000.891. Moreover, it had become clear that the oxygen concentration after casting increased in an 
old experiment, and since it was thought that not all the deoxidizers contributed to reduction, the deoxidizer 
about the double precision of the reducing equivalent of the oxygen content in vanadium was added. When it 
followed, for example, CaNi5 was used as a deoxidizer, the weighing capacity of V0.981O0.019, Ti, and nickel 
and CaNi5 was carried out, respectively so that it might be set to 46.89(V0.981O0.019) Ti40nickel (14-8.74) 
(CaNi5)1.748. 

[0050] Vanadium containing 6000 above-mentioned ppm oxygen obtained it by having carried out thermite 
reduction of the refined vanadium oxide powder, and since it did not perform electron beam refining performed 
in high vacuum atmosphere, it was able to be managed with low cost. Moreover, since this vanadium was 
ground easily because of dissolution oxygen, handling of the weighing capacity of an alloy etc. was also easy 
for it. 

[0051] Subsequently, after carrying out the heating dissolution of the alloy raw material, it remelted by adding a 
predetermined deoxidizer. The reduced pressure argon electric arc furnace was used for dissolution 
equipment. It carried out by less than output 50W, and the dissolution of a refractory metal and the whole 
mixing were performed as a key objective the early stages of arc melting. 

[0052] Then, the molten metal was once cooled, the obtained alloy lump was reversed, and the process of 
dissolving again was repeated several times. This dissolution was performed with the output of 200-500W. 
Oxygen in an alloy was returned by the deoxidizer in this process, and alloy composition was uniformed while 
the generated oxide was discharged from the alloy organization (alloy phase). 

[0053] In this case, to the oxidation-reduction reaction under dissolution becoming intense when Ca or Mg 
which is a simple substance is used as a deoxidizer, since the reaction was comparatively moderate when the 
alloy of La simple substance or CaNi5 grade is used, it was easy to control a reaction, and it was able to 
dissolve easily. 

[0054] In addition, the thing of the same alloy composition was produced like the above as a comparison 
sample except not using a deoxidizer. Furthermore, the thing of the same alloy composition was produced like 
the above except not having used a deoxidizer and having used vanadium of super high purity (the amount of 
oxygen of 350 ppm) as a reference sample. 

[0055] The organization etc. was analyzed about the obtained casting alloy. In the surface of the casting alloy 
of this invention, Ca of several percent, Mg, or La was detected by X-ray fluorescence. Moreover, when the 
cross section of the casting alloy of this invention was analyzed by SEM-EPMA (SEM: a scanning electron 
microscope, EPMA:electron probe microanalyzer), the host phase of a vanadium solid solution and the phase 

http://dossierl.ipdl.ncipi.go jp/cgi-^^ 



which contains Ti and nickel by high concentration in the grain boundary were accepted. 0.5-1 at.% grade 
detection of Mg and Ca was carried out also into which phase. Moreover, La has deposited in small quantities 
as a La-nickel phase to the grain boundary of a vanadium solid solution, and it is thought that La which did not 
contribute to a reduction reaction alloyed this with nickel, and it remained. 

[0056] Subsequently, after carrying out hydrogenation grinding and carrying out disintegration of each alloy, 

what carried out dehydrogenation at 500 degrees C among the vacuum was analyzed by X-ray diffraction 

analysis. As a result, the peak of a vanadium solid solution (bcc (body-centered cubic structure)) and the peak 

of a Ti2nickel machine phase which have body-centered cubic structure were seen. It was a result also with 

reference sample same about these. On the other hand, as for the comparison sample, the deposit of Ti2nickel 

and Ti4nickel 20 was accepted in the grain boundary. The oxygen concentration and the maximum hydrogen 

storage capacity in the organization of the obtained alloy and an alloy are shown in Table 1 . 

[0057] 
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[0058] From the result of Table 1 , the comparison sample which did not use a deoxidizer is understood that a 
maximum hydrogen storage capacity is as low as 1.12 (H/M). On the other hand, with the alloy of this 
invention, in spite of having used the vanadium system alloy raw material containing no less than 6000 ppm 
oxygen, it turns out that a high maximum hydrogen storage capacity comparable as the reference sample 
using a super-high-purity vanadium system alloy raw material with an oxygen content of 350 ppm can be 
demonstrated. 

[0059] So that it may be set to example 2 alloy-composition V3TiNi0.56Nb0.047Ta0.047Co0.05M0.2 (M=Ca, 
Mg, or La) The weighing capacity of V as an alloy raw material, Ti, nickel and Nb, Ta and Co, CaNi5 as a 
deoxidizer, Mg2nickel, and the La is carried out, respectively, and it was made to be set to 60g on the whole. 
As a vanadium system alloy raw material, vanadium whose oxygen content is 5000 ppm was used. This 
vanadium is obtained from the refined vanadium oxide powder by the thermite reduction by the end of 
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aluminium powder. 

[0060] First, arc melting of these alloy raw material was carried out under reduced pressure argon atmosphere, 
and the casting alloy was produced. It carried out by less than output SOW, and the dissolution of a high- 
melting point alloy and the whole mixing were performed the early stages of arc melting. CaNiS, Mg2nickel, or 
La was put into this, and it dissolved in it. Then, after once cooling the molten metal and reversing the obtained 
alloy lump, the process of dissolving again was repeated several times. Alloy composition was uniformed, 
while this dissolution was performed by output 200-500W, and oxygen in an alloy reacted with Ca, Mg, or La in 
this process, forming the oxide and discharging these oxides out of the alloy. 

[0061] In addition, the thing of the same alloy composition was produced like the above as a comparison 
sample except not using a deoxidizer. Furthermore, the thing of the same alloy composition was produced like 
the above except not having used a deoxidizer and having used vanadium of super high purity (oxygen content 
of 300 ppm) as a reference sample. 

[0062] The organization etc. was analyzed about the obtained casting alloy. By X-ray fluorescence, Ca, Mg, 
and La of several percent were detected in the surface of the casting alloy of this invention, respectively. When 
the cross section of this alloy was analyzed by SEM-EPMA, the host phase of a vanadium solid solution and 
the TiNi set phase which deposited to that grain boundary were seen. Moreover, 0.5-1 at.% grade detection of 
Mg and Ca was carried out at any phase. With the alloy which added La, a little La-nickel phases were 
observed from the cross section, and La of about 1 at.% was detected in the TiNi phase. 
[0063] Subsequently, after carrying out hydrogenation grinding and carrying out disintegration of this alloy, 
when what carried out dehydrogenation at 500 degrees C among the vacuum was analyzed by X-ray 
diffraction analysis, the peak of the solid solution (bcc) of vanadium and the peak of the TiNi set phase were 
accepted. It was a result also with reference sample same about these. On the other hand, by the comparison 
sample, since a deoxidizer was not used, the difference on an organization was accepted. That is, although 
the host phase was a vanadium solid solution, the Ti4nickel20 phase besides a TiNi set phase and the 
vanadium solid solution phase whose Ti concentration is higher than a host phase were checked in the grain 
boundary. 

[0064] After hydrogenating each alloy, copper powder was mixed to what carried out machine grinding, press 
molding of this was carried out, and the hydrogen storing metal alloy electrode was produced. This electrode 
was used as the negative electrode and the service capacity of the hydrogen storing metal alloy electrode was 
measured using carbonyl nickel in the positive electrode, using the KOH aqueous solution of 6M as an 
electrolyte. The discharging current density of measurement was set to 50Akg-1 or 200Akg-1 per alloy. 
Moreover, it carried out by having repeated charge and discharge, and the endurance over this cycle was 
investigated. The result is shown in Table 2. In addition, the oxygen concentration in an alloy of the obtained 
alloy is also collectively shown in Table 2. 
[0065] 
[Table 2] 
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[0066] By a comparison sample, since the oxygen content is high, buildup of a hydrogen storage capacity 
cannot be aimed at, but the result of Table 2 shows that service capacity is also low. On the other hand, in the 
hydrogen storing metal alloy by the manufacture method of this invention, it turns out that the outstanding 
service capacity and endurance comparable as the reference sample which used super-high-purity vanadium 
can be demonstrated. 

[0067] The same alloy V3TiNi0.56Nb0.047Ta0.047Co0.05 as example 3 example 2 was produced like the 
example 2. However, alloy V3TiNi0.56Nb0.047Ta0.047Co0.05 (alloy raw material A) and alloy 
V3TiNb0.047Ta0.047Co0.05 (alloy raw material B) were used as an alloy raw material. 
[0068] The weighing capacity of V, Ti, nickel and Nb, Ta, and the Co was carried out first, the heating 
dissolution was carried out with the arc process, and the alloy raw material A and the alloy raw material B were 
produced. In this case, the thing with an oxygen content of 3000 ppm was used as vanadium. The oxygen 
concentration (oxygen concentration in an intermediate alloy) of the whole alloy raw material was 5000-6000 
ppm. 

[0069] Subsequently, Mg, Ca, or Mm (Mm: mixture of rare earth elements) is used for the alloy raw material A 
as a deoxidizer. CaNi5, Mg2nickel, or MmNi5 is added to the alloy raw material B as a deoxidizer. It prepared 
so that it might be set to V3TiNb0.047Ta0.047Co0.05 (CaNi5) 0.114, V3TiNb0.047Ta0.047Co0.05(Mg2nickel) 
0.57, and V3TiNbO.047TaO.047 (MmNi5) 0.114, respectively. Deoxidizers Mg, Ca, and Mm, CaNi5, Mg2nickel, 
or MmNi5 was put into the bottom of a water-cooled copper mold, and six kinds of alloy 
V3TiNi0.56Nb0.047Ta0.047Co(es)0.05 were produced by adding and carrying out arc melting of the rough 
alloy which dissolved beforehand and was alloyed from it. The alloy and the deoxidizer were mixed by carrying 
out by less than output 50W the early stages of arc melting. 

[0070] Next, the alloy was reversed and remelted. Remelting was performed with the output of 200-500W, 
oxygen in an alloy reacted with Ca, Mg, or Mm in this process, and while discharging the oxide out of the alloy 
system, equalization of the alloy organization was attained. 

[0071] When Ca, Mg, Mm, CaNi5, Mg2nickel, or MmNi5 was added and ingoted at the time of production of an 
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alloy, the following casting alloys were obtained. That is, in the casting alloy surface immediately after casting, 
Ca of several percent, Mg, or Mm was detected by X-ray fluorescence, respectively. Moreover, when the cross 
section of this alloy was analyzed by SEM-EPMA, in the host phase of a vanadium solid solution, the TiNi 
phase which deposited to that grain boundary was accepted. Moreover, 0.5-1 at.% grade detection of Mg, Ca, 
and the Mm was carried out at any phase. 

[0072] After carrying out hydrogenation grinding and making each alloy powdered, when what carried out 
dehydrogenation in the 500-degree C vacuum was analyzed by X-ray diffraction, the peak of a vanadium solid 
solution (bcc) and the peak of the TiNi set phase were seen. In this point, it was the same as that of the 
organization of the example of reference of an example 2. On the other hand, the difference in an organization 
was accepted with the alloy which did not add a deoxidizer using vanadium of high oxygen concentration. That 
is, although the host phase was a vanadium solid solution, a Ti4nickel20 phase and the vanadium solid 
solution phase whose Ti concentration is higher than a host phase other than a TiNi set phase were seen in 
the grain boundary. 

[0073] Copper powder was mixed to what carried out machine grinding after hydrogenating six kinds of each 
alloy, press forming of this was carried out, and the hydrogen storing metal alloy electrode was produced. The 
KOH aqueous solution of 6M was used for carbonyl nickel and an electrolyte for this electrode, and the service 
capacity of the hydrogen storing metal alloy electrode was measured. The discharging current density of 
measurement was set to 50Akg-1 or 200Akg-1 per alloy. Moreover, it carried out by having repeated charge 
and discharge, and the endurance over this cycle was investigated. These results are shown in Table 3 with 
the oxygen concentration in an intermediate alloy, and the oxygen concentration in an alloy. 
[0074] 
[Table 3] 
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[0075] The result of Table 3 shows demonstrating the outstanding electrode characteristic comparable as an 
example 2 reference sample, in spite of having used the vanadium system alloy raw material of high oxygen 
concentration for the hydrogen storing metal alloy by the manufacture method of this invention. 
[0076] Example 4V3TiNi0.56Hf0.24 is an alloy which has the three-dimensions network frame which becomes 
main [ the Ti-nickel-V system AB2 type Laves phase ] as the 2nd phase. What carried out the weighing 
capacity of V, Ti, nickel, Hf and CaNi5, Mg2nickel, or MmNi5 so that it might become the presentation of alloy 
V3TiNi0.56Hf0.24M0.2 (M=Ca, Mg, Mm), and was 60g on the whole was prepared. As vanadium, that whose 
oxygen content is 5000 ppm was used. This vanadium is the usual alloy which obtained it by having carried out 
thermite reduction of the refined vanadium oxide powder. That is, since it was not the super-high-purity article 
which performed electron beam refining under high vacuum atmosphere, it ended with low cost. And since it 
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ground easily because of dissolution oxygen, the handling of the weighing capacity of an alloy etc. was also 
easy. 

[0077] Subsequently, these alloy raw material was dissolved and it alloyed. CaNi5, Mg2nickel, or MmNi5 was 
first put into the bottom of a water-cooled copper mold, and the rough alloy which dissolved on it was put in. 
[0078] Arc melting of this was carried out under the bottom argon atmosphere of a reduced pressure, and the 
casting alloy was produced. In early stages, the output of arc melting was made less than SOW, and performed 
the dissolution of a refractory metal and the whole mixing. Subsequently, once cooling a molten metal, after 
reversing the obtained alloy lump and cooling, the process dissolved again was repeated several times. This 
dissolution was performed with the output of 200-500W, and alloy composition was uniformed, while oxygen in 
an alloy reacted with Ca, Mg, or Mm in this process and it was discharged out of the alloy system as an oxide. 
[0079] In addition, the thing of the same alloy composition was produced like the above as a comparison 
sample except not using a deoxidizer. Furthermore, the thing of the same alloy composition was produced like 
the above except not having used a deoxidizer and having used vanadium of super high purity (the amount of 
oxygen of 350 ppm) as a reference sample. 

[0080] The organization etc. was analyzed about the obtained casting alloy. By X-ray fluorescence, Ca, Mg, 
and Mm of several percent were detected in the surface of the casting alloy of this invention, respectively. 
Moreover, when the cross section of this alloy was analyzed by SEM-EPMA, the host phase of a vanadium 
solid solution and the Ti-nickel-V machine Laves phase which deposited to that grain boundary were seen. 
Moreover, 0.5-1 at.% grade detection of Mg and Ca was carried out at both of the phases. About Mm, it was 
not detected in the host phase but about 1 at.% detection of was done into the Laves phase. 
[0081] After carrying out hydrogenation grinding and making each alloy powdered, when what carried out 
dehydrogenation at 500 degrees C among the vacuum was analyzed by X-ray diffraction analysis, the peak of 
the Ti2nickel machine phase was accepted by the peak of the solid solution (bcc) of vanadium, the peak of a 
Laves phase, and still weaker hardness. About these, the same might be said of the case of a reference 
sample. On the other hand, by the comparison sample, since a deoxidizer was not used, the difference on an 
organization was seen. That is, although the host phase was the solid solution of vanadium, Hf02 phase and 
Ti4nickel20 phase other than a TiNi set phase were accepted in the grain boundary. 
[0082] After hydrogenating each alloy, machine grinding was carried out, subsequently copper powder was 
mixed, press molding of this end of mixed powder was carried out, and the hydrogen storing metal alloy 
electrode was produced. This electrode was used as the negative electrode, the KOH aqueous solution of 6M 
was used for the electrolyte, using carbonyl nickel as a positive electrode, and the service capacity of the 
hydrogen storing metal alloy electrode was measured. The discharging current density of measurement was 
set to 50Akg-1 or 200Akg-1 per alloy. Moreover, it carried out by having repeated charge and discharge, and 
the endurance over this cycle was investigated. The result is shown in Table 4. 
[0083] 
[Table 4] 
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[0084] By a comparison sample, since the oxygen content is high, improvement in a hydrogen storage capacity 
cannot be performed, but the result of Table 4 shows that service capacity is also low. On the other hand, in 
this invention article, it turns out that the outstanding service capacity and endurance comparable as the 
reference sample which used super-high-purity vanadium can be demonstrated. 
[0085] Example 5 alloy V4TiNi0.65Co0.05Nb0.047Ta0.047 was produced. 

[0086] The weighing capacity of CaNi5 or the Mg2nickel is carried out to the alloy raw materials V and Ti, 
nickel and Nb, Ta and Co, and a pan as a deoxidizer, respectively, and it was made to be set to 
V4TiNi0.65Co0.05Nb0.047Ta0.047M0.029 (M=Ca, Mg). As vanadium, the oxygen content used the super- 
high-purity article of 200 ppm or less. 

[0087] CaNi5 or Mg2nickel of the deoxidizer was first put in in the water-cooled copper mold, the alloy raw 
material was paid on it at the low order of the fusing point, and arc melting was carried out under argon 
atmosphere. In addition, the thing of the same presentation was produced similarly [ the above ] as a 
comparison sample except not adding CaNi5 and Mg2nickel. 

[0088] When the cross section of the casting alloy of this invention was analyzed by SEM-EPMA, the host 
phase of a vanadium solid solution and the TiNi phase which deposited to the grain boundary were seen. 
Moreover, about 0.5 at(s).% detection of Mg and Ca was done at the vanadium solid solution phase. This alloy 
was made to hydrogenate under a hot hydrogen atmosphere, and hydrogenation grinding of the casting alloy 
lump was carried out by cooling to a room temperature as it is. 

[0089] It was checked that crystal structure has two bcc configurations by the vanadium solid solution and a 
TiNi set phase about every alloy. Most grating constants of the host phase were not changing. Moreover, 
change was not looked at by fine structure, either. In addition, those in which, as for the oxygen content in an 
alloy, the comparison sample added 600 ppm, CaNi5, and Mg2nickel were 500 ppm and 400 ppm, 
respectively. 

[0090] The equilibrium pressure-presentation isothermal curve (PCT curve) about each alloy is shown in 
drawing 1 . By the comparison sample, the alloy which added 0.63 and CaNi5 is 0.64 with 0.66 and a 
Mg2nickel addition alloy, and the bleedoff hydrogen quantity (H/M) in 3.3-0.01 MPa of 293K of each alloy 
became the highest value. This is because Ca dissolved to the host phase, and also is considered to be 
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because for dissolution oxygen in an alloy to have been returned by Ca at the time of an ingot. It is expected 
that service capacity becomes a big value from such a PCT curve. 

[0091] After mixing with the copper powder of one 3 times the mass of this what carried out machine grinding 
of each alloy at the grain size of 75 micrometers or less, what carried out tablet molding by molding pressure 
7.5 t/cm2 was used as the electrode. As activation characteristics of this electrode, change of the service 
capacity in the charge-and-discharge cycle of 10 cycles was investigated by discharging current density 
id=25Akg-1 (mAg-1) ( drawing 2 ). Then, the high discharge characteristic was investigated by id=40-400Akg-1 
( drawing 3 ), and succeedingly, by id=25Akg-1, the charge-and-discharge cycle examination was done and it 
investigated about endurance ( drawing 4 ). in addition, a reference pole » Hg-HgO set 5h and cutoff electric 
potential to 293K, and measurement temperature carried out charge by -0.75Vvs.Hg-HgO by 100Akg-1. 
[0092] Activation characteristics became 76% or more of capacity of the highest service capacity by 1 cycle 
eye, as shown in drawing 2 , and they showed the standup which was excellent in every alloy. With the alloy 
which added CaNi5, it became the service capacity of 361Akg-1 high about 10% as compared with the 
comparison sample. Improvement in performance was found also what added Mg2nickel. 
[0093] At high ******, as shown in drawing 3 , service capacity improved by id<=200Akg-1 by addition of CaNi5 
and Mg2nickel. When CaNi5 was added, the service capacity of 220Akg-1 was obtained by id=200Akg-1. The 
improvement in performance with the same said of the case of Mg2nickel addition was accepted. 
[0094] Moreover, also about the charge-and-discharge cycle characteristic, as shown in drawing 4 , any alloy 
was good. 

[0095] As shown in drawing 1 - drawing 4 , when not only the thing for which the vanadium system raw 
material of the inexpensive amount of high oxygen can be used effectively but also the vanadium system alloy 
raw material of super high purity (the amount of hypoxia) is used, by the manufacture method of this invention, 
it turns out that more excellent characteristics are acquired. 



[Translation done.] 
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